GEAR PUMP WITH GEARS HAVING CURVED TEETH 
AND METHOD OF FEEDING ELASTOMERIC MATERIAL 



Background of the Invention 
5 Field of Invention 

This invention relates to a gear pump for feeding an elastomeric material to a die 
providing components for building a tire. The gear pump of this invention is especially 
useful in minimizing the temperature differential across the face of the gears and avoiding 
pressure spikes experienced with herringbone gear teeth. The pumped material is also 
10 metered without causing pulsations such as those experienced during unloading a gear 
pump with spur gear teeth. 

Description of the Related Art 

Gear pumps such as those shown in U. S. Patent No. 5,267,847 have been proposed 
15 for extruding strips of rubber for tire components wherein the gears are spur gears. The 
spur gears have caused the rubber to be ejected from the gear pump with pulsations 
corresponding to the pumping action of the axially oriented spaced gear teeth. This results 
in extruded components which are not uniform and do not meet the specifications for 
building tires. 

20 It has also been proposed to use helical gears in a gear pump to reduce the 

pulsations. However, the elastomeric material is pushed to one side resulting in a product 
which is heavy on one side and with a higher temperature on one side than on the other 
side. This temperature differential is not desirable because the viscosity of the rubber will 
then be greater on one side resulting in a non-uniform extrusion of the component. 

25 A no-backlash gearing mechanism such as that described in U. S. Patent No. 

5,636,550 has been proposed for eliminating backlash in a gear drive chain. Intermeshing 
gears having curved teeth have also been proposed for adjacent shafts in U. S. Patent No. 
5,533,825. However, there is no teaching or showing of utilizing curved gear teeth in a 
gear pump. 

30 Gear pumps with gears having herringbone teeth are shown in U. S. Patent No. 

4,137,023. The teeth are joined at sharp central edges which cause high pressure spikes 
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resulting in an increase in temperature of the elastomeric material at the central portions of 
the component which may produce a non-uniform component. Gear pumps for melted 
synthetic thermoplastic material are shown and described in U. S. Patent No. 5,458,474 
however, the gear teeth are herringbone shaped and have the sharp central edges which 
5 cause pressure spikes. 

Summary of the Invention 

In accordance with this invention a gear pump is provided having a metering 
chamber containing a pair of herringbone gears with each of the gear teeth having a curved 

10 central portion. The direction of rotation of the gears is such that the portion of each tooth 
closest to the center is the first portion of each tooth to enter into engagement. In this way 
the elastomeric material is squeezed out of the space between the teeth as the gears rotate 
and that space between the inlet chamber and outlet chamber is closed. 

In order for the elastomeric material to be squeezed without being damaged by 

15 excessive pressure the herringbone gears are provided with curved central portions which 
have a circumferential width equal to at least one half the pitch of the gear teeth. 
Accordingly, when the gear teeth of the opposing gears come together there is a gradual 
closing of the space between the gear teeth for diverting the pumped material towards the 
outlet chamber in the gear pump housing. In this way there is a gradual unloading of the 

20 material between the gear teeth as the gears rotate past the outlet chamber in the gear pump 
housing. Also, the pinching or pulsating flow of the material is minimized significantly. 

In accordance with one aspect of the invention there are provided a gear for a gear 
pump having an inlet chamber, a metering chamber and an outlet chamber. The gear is 
located in the metering chamber and has a plurality of herringbone gear teeth spaced apart 

25 at a predetermined pitch, each of the gear teeth having helical side portions and a curved 
central portion connecting the side portions whereby material conveyed by the gear pump is 
smoothly squeezed in the space between the gear teeth at the curved portion of each of the 
gear teeth and then moved axially outward and over the gear teeth into the outlet chamber. 
In accordance with another aspect of the invention there is provided a gear pump for 

30 feeding elastomeric material to a die providing components for building a tire, the gear 
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pump 

having a housing with an inlet chamber, a metering chamber and an outlet chamber, a pair 
of gears rotatably mounted in the metering chamber with each of the gears having a 
5 plurality of herringbone gear teeth spaced apart at a predetermined pitch for meshing 
engagement with gear teeth of the other of the gears, each of the gear teeth having helical 
side portions and a curved central portion connecting the side portions, and means for 
rotating the gears to carry the elastomeric material from the inlet chamber through the 
metering chamber into the outlet chamber and for sealing the space between the outlet 
10 chamber and the inlet chamber upon meshing engagement of the gear teeth of the pair of 
gears. 

In accordance with a further aspect of the invention there is provided a method of 
pumping elastomeric material through a gear pump having an inlet chamber, an outlet 
chamber and a metering chamber, a pair of gears having herringbone gear teeth disposed in 

15 said metering chamber at a predetermined pitch, each of the teeth having helical side 
portions and a curved central portion comprising feeding the material under pressure into 
the inlet chamber, rotating the gears to convey the material through the metering chamber 
into the outlet chamber and smoothly squeezing the material out of the space between the 
meshing gear teeth at the curved central portion and then over the gear teeth into the outlet 

20 chamber as the gear teeth seal the space between the outlet chamber and the inlet chamber. 

Brief Description of the Drawings 

Fig. 1 is an elevation in section of a gear pump embodying the invention. 
Fig. 2 is an enlarged end view of one of the gears shown in Fig. 1. 
25 Fig. 3 is a side view of the gear taken along the plane of line 3-3 in Fig. 2. 

Fig. 4 is a perspective view of the gears in meshing engagement with parts being 
broken away. 



30 



Description of the Embodiment 

Referring now to the drawings wherein the showings are for the purpose of 
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illustrating a preferred embodiment of the invention only and not for the purpose of 
limiting the same, Fig. 1 is a cross sectional view of a gear pump 10 having a housing 12 
containing an inlet chamber 14, an outlet chamber 16, and a metering chamber 18. The 
housing 12 may be connected to a source for supplying elastomeric material 19 such as an 
5 extruder 20 (not shown) at the inlet chamber. The outlet chamber 16 may also be in 
communication with a shaping member such as a die 21 or other non-resilient means for 
shaping a tire component 23. Mounted in the housing 12 are two gears 22,24 in meshing 
engagement. The gears 22,24 have shafts 26,28 rotatably mounted in the housing 12 and 
one of the shafts, or both shafts, may be driven to rotate the gears 22,24 in such a manner 

10 as to carry the elastomeric material 19 fed into the inlet chamber 14 through the metering 
chamber 18 into the outlet chamber 16. 

Referring to Figs. 2, 3 and 4 the gears 22,24 are shown in greater detail. A 
plurality of herringbone teeth 30 are spaced circumferentially around the circumference of 
the gears 22,24. Each of the teeth 30 is of a generally herringbone shape having helix side 

15 portions 32 and a curved central portion 34. As shown in Figs. 2 and 3 the teeth 30 are 
spaced apart a predetermined pitch P. The curved central portion 34 extends 
circumferentially of the gear a distance P/2 equal to at least 1/2 the pitch P of the teeth 30. 
Accordingly, when the gears 24 and 22 are in meshing engagement the teeth 30 will be in 
continuous contact and provide a smooth continuous squeezing of the elastic material 19 

20 out of the spaces between the teeth as shown in Fig. 1 . The elastomeric material 19 is not 
overheated and maintains a substantially uniform temperature as it is moved through the 
outlet chamber 16 into a die channel 36 of the die 21. 

As shown in Fig. 1 the elastomeric material 19 is carried by teeth 30 of the upper 
gear 24 and teeth 30' of the lower gear 22 through the metering chamber 18 into the outlet 

25 chamber 16. The elastomeric material 19 between the teeth 30 and 30' is squeezed out of 
the grooves between the teeth sealing the spaces between the gears 22 and 24. The 
pressure in the outlet chamber 16 then moves the elastomeric material through the die 21 
and die channel 36 forming a tire component for building a tire. The pressure can be 
controlled by the speed of rotation of the gears 22 and 24. 

30 The elastomeric material 19 supplied to the gear pump 10 may be provided by the 
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extruder 20 being rotatable at a speed which provide sufficient material at a predetermined 
pressure to fill the inlet chamber 14 and the spaces between the teeth 30,30'. 

5 The gear teeth 30 and 30' may have transverse sections as shown in Fig. 1 identical 

to the transverse sections of standard spur gears used for gear pumps. The central portion 
34 of the gear teeth 30,30' may be generated by rotating a transverse section along an axis 
of each of the teeth 30,30 ' . 

A preferred embodiment has been described hereinabove. It will be apparent to 
10 those skilled in the art that the above apparatus may incorporate changes and modifications 
without departing from the general scope of this invention. It is intended to include all 
such modifications and alterations insofar as they come within the scope of the appended 
claims or the equivalents thereof. 

Having thus described the invention it is now claimed: 

15 



